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(57) ABSTRACT

A cylinder of an internal combustion engine 1s provided with
a turbo-side exhaust valve that opens and closes an exhaust
port that communicates with a turbo-side exhaust passageway
that leads to a turbine inlet opening of a turbo-supercharger, a
bypass-side exhaust valve that opens and closes an exhaust
port that communicates with a bypass-side exhaust passage-
way that bypasses the turbine, a first intake valve disposed
opposite to the turbo-side exhaust valve, and a second intake
valve disposed opposite to the bypass-side exhaust valve. At
the time of engine startup and/or the time of low engine load,
the turbo-side exhaust valve and the first intake valve are
stopped 1n the closed state.

11 Claims, 3 Drawing Sheets
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CONTROL DEVICE AND CONTROL
METHOD FOR INTERNAL COMBUSTION
ENGINE

INCORPORATION BY REFERENC.

L1l

The disclosure of Japanese Patent Application No. 2007 -
187401 filed on Jul. 18, 2007 including the specification,

drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a control device and a control
method for an internal combustion engine.

2. Description of the Related Art

Generally, a turbosupercharger-equipped engine has a
problem of the back pressure becoming high in a high-speed
and high-load operation region and therefore making it diffi-
cult to discharge the burned gas from the cylinders, so that the
amount of gas remaining in the cylinders tends to be large. If
the amount of residual gas in the cylinders becomes large, the
combustion rate becomes slow and the in-cylinder tempera-
ture becomes high, so that knocking 1s likely to occur. Then,
in order to avoid the knocking, 1t becomes necessary to per-
form an 1gnition timing retardation, which results in degraded
tuel economy and reduced engine output. Besides, increases
in the amount of residual gas correspondingly reduce the
amount of air. Due to these circumstances, 1t 1s not easy to
increase the output of the turbosupercharger-equipped engine
in a high-rotation speed operation region.

In order to solve the problem as stated above, Japanese
Patent Application Publication No. 10-89106 (JP-A-10-
89106), for example, discloses an engine 1n which each cyl-
inder 1s provided with a turbo-side exhaust valve that opens
and closes an exhaust port that communicates with a turbo-
side exhaust passageway that leads to a turbine inlet opening
of the turbosupercharger, and with a bypass-side exhaust
valve that opens and closes an exhaust port that communi-
cates with a bypass-side exhaust passageway that does not
lead to the turbine inlet opening.

Besides the problem of the difficulty i achieving high
engine output i a high-speed operation region, the turbo-
supercharger-equipped engines also have a problem of the
catalyst warm-up at the time of startup of the engine requiring
a long time. Furthermore, depending on the engine operation
region, there 1s a problem of knocking or misfire being likely
to occur, a problem of the required voltage of the 1ignition plug,
tending to become high due to heightened in-cylinder tem-
perature, or the like.

SUMMARY OF THE INVENTION

The mvention provides a control device and a control
method for an mternal combustion engine which are capable
ol bettering various characteristics of a turbo-supercharger-
equipped internal combustion engine.

A first aspect of the mvention 1s a control device for an
internal combustion engine internal combustion engine con-
trol device including: an internal combustion engine 1n which
a first cylinder 1s provided with a turbo-side exhaust valve that
opens and closes an exhaust port that communicates with a
turbo-side exhaust passageway that leads to a turbine inlet
opening of a turbo-supercharger, a bypass-side exhaust valve
that opens and closes an exhaust port that communicates with
a bypass-side exhaust passageway that bypasses the turbine, a
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first intake valve disposed opposite to the turbo-side exhaust
valve, and a second intake valve disposed opposite to the
bypass-side exhaust valve; a turbo-side exhaust valve stop
mechanism that stops the turbo-side exhaust valve 1n a closed
state while allowing the bypass-side exhaust valve to be 1n
operation; a first intake valve stop mechamsm that stops the
first intake valve 1n the closed state while allowing the second
intake valve to be in operation; and a stop mechanism control
portion that stops the turbo-side exhaust valve and the first
intake valve 1n the closed state at a time of startup of the
internal combustion engine and/or a time of low load of the
internal combustion engine.

According to the foregoing aspect of the invention, at the
time of engine startup and/or the time of low engine load, the
turbo-side exhaust valve and the first intake valve disposed
opposite to the turbo-side exhaust valve 1n the first cylinder
can be stopped 1n the closed state. Therefore, when the burned
gas 1n the first cylinder 1s replaced by fresh air, the in-cylinder
gas flows from the second intake valve toward the bypass-side
exhaust valve, so that a strong swirl rotating in that direction
can be produced. As a result, the mixing 1n the cylinder 1s
promoted, and the combustion can be bettered. Therelore,
good combustion can be performed even 1n a severe combus-
tion condition, such as low temperature, low engine speed, a
lean-burn operation, an EGR operation, etc. Therefore, excel-
lent effect of fuel economy betterment and excellent effect of
knocking prevention can be attained.

In the first aspect, at a time of intermediate load of the
internal combustion engine and/or a time of high load of the
internal combustion engine, an open valve duration of the
turbo-side exhaust valve may be made longer than an open
valve duration of the bypass-side exhaust valve, and an open
valve duration of the first intake valve may be made longer
than an open valve duration of the second intake valve.

Therefore, as for the flow of the burned gas discharged
from the first cylinder, the turbo-side exhaust valve-side flow
becomes the main tlow. As for the flow of fresh air entering
the first cylinder, the first intake valve-side tlow becomes the
main flow. Hence, as for the gas tlow 1n the first cylinder, the
flow from the first intake valve toward the turbo-side exhaust
valve becomes the main flow, so that a strong swirl rotating in
the direction of the main flow can be produced. As a result, the
mixing in the first cylinder 1s promoted, and the combustion
can be bettered. Therefore, good combustion can be per-
formed even 1n a severe combustion condition, such as low
temperature, low engine speed, a lean-burn operation, an
EGR operation, efc.

In the foregoing constructions, a rotation direction of a
swirl formed 1n the first cylinder at the time of startup of the
internal combustion engine and/or the time of low load of the
internal combustion engine may be opposite to a rotation
direction of a swirl formed 1n the first cylinder at the time of
intermediate load of the internal combustion engine and/or
the time of high load of the internal combustion engine.

Therefore, a swirl can be produced 1n a direction 1n which
the swirl can more easily rotate, according to the operation
states of the intake valves and the exhaust valves, and there-
fore the swirl can be made suificiently strong.

Furthermore, 1n the foregoing constructions, at the time of
intermediate load of the iternal combustion engine and/or
the time of high load of the internal combustion engine, the
bypass-side exhaust valve may be opened later than the turbo-
side exhaust valve, and the bypass-side exhaust valve may be
closed later than the turbo-side exhaust valve.

Therefore, 1n a high-speed and high-load operation region,
the burned gas in the first cylinder can be discharged into the
bypass-side exhaust passageway at higher etficiency, so that
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the amount of residual gas in the first cylinder can be sutfi-
ciently reduced. Therefore, increased output of the internal
combustion engine can be achieved.

Furthermore, i the foregoing constructions, the internal
combustion engine may have two ignition plugs for the first
cylinder, and one 1gnition plug of the two 1gnition plugs may
be disposed near a center of the first cylinder, another ignition
plug of the two 1gnition plugs may be disposed at a position
that 1s nearer to the bypass-side exhaust valve than to the
turbo-side exhaust valve.

Therefore, 1n the case where two 1gnition plugs are dis-
posed 1n the first cylinder, one of the two 1gnition plugs can be
disposed 1n the vicimity of the bypass-side exhaust valve, 1n
which temperature 1s relatively low. Hence, the service life of
the 1gnition plugs can be extended. Besides, instead of expen-
stve 1gnition plugs that withstand high voltage, inexpensive
low-voltage 1gnition plugs can be employed in order to con-
tribute to cost reduction.

Furthermore, 1n the foregoing constructions, the internal
combustion engine may include a direct-injection injector
that injects tuel directly into the first cylinder, and a distal end
of the direct-injection injector may be disposed at a position
that 1s nearer to the turbo-side exhaust valve than to the
bypass-side exhaust valve.

According to this construction, the distal end of the direct-
injection injector 1n the first cylinder can be disposed 1n the
vicinity of the turbo-side exhaust valve, in which temperature
1s relatively high. Due to this arrangement, fuel 1s imjected to
a high-temperature location near the turbo-side exhaust
valve, so that the latent heat of vaporization of fuel will lower
the ambient temperature of the turbo-side exhaust valve.
Theretore, occurrence of abnormal combustion, such as a
pre-1gnition resulting from the existence of a high-tempera-
ture site, or the like, can be reliably prevented. Besides, since
tuel 1s 1njected to a high-temperature location, the atomiza-
tion of fuel can be promoted, so that good combustion can be
carried out.

Furthermore, 1n the foregoing constructions, the internal
combustion engine may have a second cylinder that 1s located
adjacent to the first cylinder. Positions of the turbo-side
exhaust valves and the bypass-side exhaust valves may be
reverse between the adjacent cylinders, and an exhaust port
communicating with the bypass-side exhaust valve of the first
cylinder and an exhaust port communicating with the bypass-
side exhaust valve of the second cylinder may join within a
cylinder head.

According to this construction, the length and surface area
of the channel of the exhaust gas discharged via the bypass-
side exhaust valve of each cylinder can be made small. Hence,
at the time of engine startup or low engine load, the amount of
heat removed from the exhaust gas tlowing from a bypass-
side exhaust passageway to an exhaust purification catalyst
can be made as small as possible, so that exhaust gas of as
high a temperature as possible can be caused to tlow mto the
exhaust purification catalyst. Therefore, the quick warm-up
and temperature maintenance of the exhaust purification cata-
lyst and can be achieved, so that the emission performance
can be further improved.

A second aspect of the invention 1s a control method for an
internal combustion engine in which a cylinder 1s provided
with a turbo-side exhaust valve that opens and closes an
exhaust port that communicates with a turbo-side exhaust
passageway that leads to a turbine inlet opening of a turbo-
supercharger, a bypass-side exhaust valve that opens and
closes an exhaust port that communicates with a bypass-side
exhaust passageway that bypasses the turbine, a first intake
valve disposed opposite to the turbo-side exhaust valve, and a
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second intake valve disposed opposite to the bypass-side
exhaust valve. In this control method, at a time of startup of
the internal combustion engine and/or a time of low load of
the internal combustion engine, the turbo-side exhaust valve
1s stopped 1n a closed state while the bypass-side exhaust
valve 1s allowed to be 1n operation, and also the first intake
valve 1s stopped 1n the closed state while the second intake
valve 1s allowed to be in operation.

Therefore, when the burned gas 1n the cylinder 1s replaced
by fresh air, the m-cylinder gas flows from the second intake
valve toward the bypass-side exhaust valve, so that a strong
swirl rotating in that direction can be produced. As a result,
the mixing in the cylinder 1s promoted, and the combustion
can be bettered. Therefore, good combustion can be per-
formed even 1n a severe combustion condition, such as low
temperature, low engine speed, a lean-burn operation, an
EGR operation, etc. Therelore, excellent effect of bettering
fuel economy and excellent effect of preventing knocking can
be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages
of the mvention will become apparent from the following
description of embodiments with reference to the accompa-
nying drawings, wherein like numerals are used to represent
like elements and wherein:

FIG. 1 1s a diagram schematically showing a system con-
struction of Embodiment 1 of the invention;

FIG. 2 1s a valve lift graph of intake valves and exhaust
valves of an internal combustion engine in Embodiment 1 of
the invention;

FIG. 3 1s a diagram for describing gas flows 1n a cylinder at
the time of engine startup or low engine load;

FIG. 4 1s a diagram for describing gas flows 1n a cylinder at
the time of intermediate engine load or high engine load;

FIG. § 1s a schematic diagram for describing an arrange-
ment of 1ignition plugs and a direct-injection 1njector; and

FIG. 6 1s a diagram schematically showing a cylinder head
of an 1nternal combustion engine.

(L]

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Embodiment 1

FIG. 1 1s a diagram schematically showing a system con-
struction of Embodiment 1 of the invention. As shown i FIG.
1, a system of this embodiment includes an internal combus-
tion engine 10 that 1s mounted in a vehicle or the like. The
internal combustion engine 10 1s equipped with a turbo-su-
percharger 12 that has an exhaust turbine 12 and an intake
compressor 12b. The internal combustion engine 10 of this
embodiment 1s a V six-cylinder engine. FIG. 1 shows one of
the banks of the V-6 engine (the three cylinders of one of the
two sides). In addition, the internal combustion engine 1n the
invention 1s not limited to this type, but may have any, number
of cylinders 1n any cylinder arrangement.

Each of the cylinders of the internal combustion engine 10
1s provided with two exhaust valves, that 1s, a turbo-side
exhaust valve EX2 and a bypass-side exhaust valve EX1. In
this embodiment, these valves of the cylinders are disposed so
that the positions of the turbo-side exhaust valve EX2 and the
bypass-side exhaust valve EX1 of adjacent cylinders are
reverse Irom each other. Specifically, in FIG. 1, the positions
of the turbo-side exhaust valve EX2 and the bypass-side
exhaust valve EX1 of the center cylinder are reverse from
those of the two tlanking cylinders. In addition, 1n this inven-
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tion, the foregoing construction i1s not restrictive, but the
positions of the turbo-side exhaust valve EX2 and the bypass-
side exhaust valve EX1 may be the same between adjacent
cylinders.

An exhaust port that communicates with the turbo-side
exhaust valve EX2 communicates with a turbo-side exhaust
passageway 14 that leads to an inlet opening of the exhaust
turbine 12a of the turbo-supercharger 12. On the other hand,
an exhaust port that communicates the bypass-side exhaust
valve EX1 communicates with a bypass-side exhaust pas-
sageway 16 that does not lead to an inlet opening of the
exhaust turbine 124, that 1s to say, the bypass-side exhaust
passageway 16 that bypasses the exhaust turbine 12a.

The exhaust gas having passed through the exhaust turbine
12a and the exhaust gas having passed through the bypass-
side exhaust passageway 16 join 1nto a single current, which
flows 1nto an exhaust purification catalyst 18.

Each cylinder of the internal combustion engine 10 is pro-
vided with two 1ntake valves, that 1s, a first intake valve IN1
and a second 1ntake valve IN2. The first intake valve IN1 1s
disposed opposite to (adjacent to) the turbo-side exhaust
valve EX2, and the second intake valve IN2 1s disposed oppo-
site to (adjacent to) the bypass-side exhaust valve EX1.

The internal combustion engine 10 1s equipped with a
turbo-side exhaust valve stop mechanism 20 that stops only
the turbo-side exhaust valve EX2 of each cylinder 1n a closed
state while allowing the bypass-side exhaust valve EX1 to be
in operation. Besides, the internal combustion engine 10 1s
also equipped with a first intake valve stop mechanism 22 that
stops only the first intake valve IN1 of each cylinder 1n a
closed state while allowing the second intake valve IN2 to be
in operation, and a second intake valve change mechanism 24
that changes the open valve duration (operation angle) of the
second intake valve IN2 of each cylinder. The structures of
these mechanisms are known to public, and descriptions
thereol are omitted 1n this specification.

The mnternal combustion engine 10 as described above may
be a lean-burn engine operating at an air-fuel ratio that 1s
leaner than the stoichiometric air-fuel ratio. Besides, the
internal combustion engine 10 may also be equipped with an
EGR device that executes an EGR (Exhaust Gas Recircula-
tion) operation in which a portion of exhaust gas 1s refluxed
into the intake passageway.

The system of this embodiment 1s equipped with an ECU
(Electronic Control Unit) 50. Various devices and the like are
clectrically connected to the ECU 50, including the turbo-side
exhaust valve stop mechanism 20, the first intake valve stop
mechanism 22 and the second intake valve change mecha-
nism 24 as well as the actuators of a fuel injection device, an
ignition device, a throttle valve, etc. (which are not shown 1n
the drawings), and also various sensors, such as an accelerator
position sensor 26, a crank angle sensor, an air tlow meter, etc.
The accelerator position sensor 26 detects the position of an
accelerator pedal. In accordance with the value detected by
the accelerator position sensor 26, the engine load can be
calculated.

FIG. 2 1s a valve lift graph of the intake valves and the
exhaust valves of each cylinder of the internal combustion
engine 10. As shown i FIG. 2, the opening timing of the
bypass-side exhaust valve EX1 1s later than the opening tim-
ing of the turbo-side exhaust valve EX2, and the closing
timing of the bypass-side exhaust valve EX1 is later than the
closing timing of the turbo-side exhaust valve EX2. Specifi-
cally, the bypass-side exhaust valve EX1 opens 1n the latter
half of the exhaust stroke, and closes after the intake valves
open. Besides, the open valve duration of the bypass-side
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exhaust valve EX1 1s shorter than the open valve duration of
the turbo-side exhaust valve EX2.

In addition, as shown 1n FIG. 2, the open valve duration of
the second intake valve IN2 1s continuously changed by
operation of the second intake valve change mechanism 24.
The ECU 50 controls the second intake valve change mecha-
nism 24 so that at the time of high-speed and high-load
operation, the open valve duration of the second 1ntake valve
IN2 1s made to be a maximum open valve duration that 1s
substantially equal to that of the first intake valve IN1, and so
that the open valve duration of the second intake valve IN2
shortens as the engine load lessens.

On the other hand, the turbo-side exhaust valve stop
mechanism 20 and the first intake valve stop mechanism 22
are controlled as described below, according to the operation
situation of the mternal combustion engine 10.

(At Time of Startup, Low Load)

At the time of engine startup or low engine load, the ECU
50 stops the turbo-side exhaust valve EX2 of each cylinder 1n
the closed state via the turbo-side exhaust valve stop mecha-
nism 20, and stops the first intake valve IN1 1n the closed state
via the first intake valve stop mechanism 22. In this state, the
burned gas in each cylinder 1s entirely discharged via the
bypass-side exhaust valve EX1. Therefore, the entire amount
of exhaust gas flows 1nto the bypass-side exhaust passageway
16, and flows 1nto the exhaust purification catalyst 18 without
passing through the exhaust turbine 12a. Therefore, the
decline 1n the gas temperature in the exhaust turbine 12a can
be avoided, so that high-temperature exhaust gas can be
caused to tlow 1nto the exhaust purification catalyst 18. There-
fore, after the engine 1s started up, the exhaust purification
catalyst 18 can be quickly warmed up. Besides, 1t 1s possible
to keep the temperature of the exhaust purification catalyst 18
high when the engine load 1s low. Due to these features, the
emission performance can be suiliciently improved.

FIG. 3 1s a diagram for describing gas flows in a cylinder at
the time of startup of the engine or low engine load. As stated
above, at the engine startup or low engine load, the turbo-side
exhaust valve EX2 and the first intake valve IN1 are stopped.,
and only the bypass-side exhaust valve EX1 and the second
intake valve IN2 are operated. Therefore, when the burned
gas 1n the cylinder 1s replaced by fresh air, the burned gas 1s
discharged via the bypass-side exhaust valve EX1, and the
fresh air flows 1n via the second intake valve IN2. Hence, the
in-cylinder gas flows 1n a direction of an arrow in FIG. 3. In
consequence, strong swirl that rotates clockwise in FIG. 3 can
be produced.

(At Time of Intermediate Load, High Load)

When the engine load rises to an intermediate load region
or a high load region, the ECU 50 switches the first intake
valve stop mechanism 22 and the turbo-side exhaust valve
stop mechanism 20 to operate the turbo-side exhaust valve
EX2 and the first intake valve IN1. During this state, the
turbo-side exhaust valve EX2 opens prior to the bypass-side
exhaust valve EX1. Therefore, the in-cylinder high-tempera-
ture burned gas 1s firstly supplied to the exhaust turbine 12a.
Therefore, the turbo-supercharger 12 1s operated, so that the
supercharging can be performed. During the latter half of the
exhaust stroke, the bypass-side exhaust valve EX1 opens.
Because the bypass-side exhaust valve EX1 does not lead to
the inlet opening of the exhaust turbine 124, the back pressure
in the bypass-side exhaust valve EX1 1s low. Therefore, the
in-cylinder burned gas can be efficiently discharged via the
bypass-side exhaust valve EX1. In consequence, the mn-cyl-
inder residual gas amount can be made very small, and the
amount of air can be correspondingly increased, so that high
engine output can be achieved. Besides, because the residual
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gas amount 1s small, knocking can be restrained, and the
ignition timing retardation can be avoided. Therelore,
increased engine output and better fuel economy can be
achieved.

FI1G. 4 1s a diagram for describing gas flows 1n a cylinder at
the time of mtermediate engine load or high engine load. At
the time of intermediate engine load or high engine load, both
the turbo-side exhaust valve EX2 and the bypass-side exhaust
valve EX1 of each cylinder are opened. The open valve dura-
tion of the turbo-side exhaust valve EX2 1s longer than that of
the bypass-side exhaust valve EX1. Therefore, as for the tflow
of the burned gas discharged from the cylinder, the turbo-side
exhaust valve EX2-si1de flow becomes the main flow. Besides,
on the intake side, both the first intake valve IN1 and the
second 1ntake valve IN2 are opened. As described above, 1n
the operation region other than the high-speed and high-load
operation region, the open valve duration of the second intake
valve IN2 1s shorter than that of the first intake valve IN1.
Theretore, as for the flow of fresh air into each cylinder, the
first intake valve IN1-side flow becomes the main flow.
Hence, when the in-cylinder burned gas 1s replaced by fresh
air, the 1in-cylinder gas flows 1n the direction of an arrow 1n
FIG. 4. Specifically, strong swirl rotating counterclockwise in
FIG. 4 can be produced.

As described above, the internal combustion engine 10 can
produce strong swirl 1n the cylinders 1n either one of the states
shown in FIGS. 3 and 4, and therefore can promote the mixing
in the cylinders. As a result, the combustion can be bettered,
so that good combustion can be achieved even 1n a server
combustion condition particularly at the time of low tempera-
ture, low load, the lean-burn operation, the EGR operation,
ctc. Theretfore, excellent effect of bettering fuel economy and
excellent effect of preventing knocking can be attained.

The internal combustion engine 10 of this embodiment has
two 1gnition plugs 28, 30 for each cylinder. This arrows 1gni-
tion at two points. Therefore, stable combustion can be car-
ried out, even 1n a condition where the 1gnition 1s not easy, for
example, during the lean-burn operation, the EGR operation,
etc. Besides, each cylinder of the internal combustion engine
10 of the embodiment has a direct-injection injector 32 that
injects fuel directly into the cylinder. FIG. S 1s a schematic
diagram for describing the arrangement of the 1gnition plugs
28, 30 and the direct-injection injector 32.

As shown 1n FIG. §, of the two 1gnition plugs, the 1gnition
plug 28 1s disposed substantially at the center, and the other
ignition plug 30 1s disposed at a position that 1s remote from
the turbo-side exhaust valve EX2 and near to the bypass-side
exhaust valve EX1. Generally, the required voltage of the
1gnition plug becomes higher the higher the ambient tempera-
ture. In the iternal combustion engine 10, the ambient tem-
perature of the bypass-side exhaust valve EX1 1s lower than
the ambient temperature of the turbo-side exhaust valve EX2,
as described below. Therefore, the required voltage of the
ignition plug 30 can be made relatively low because the
ignition plug 30 1s disposed at the position that 1s near the
low-temperature bypass-side exhaust valve EX1, not a posi-
tion that 1s near the high-temperature turbo-side exhaust valve
EX2.

In the intermediate-load operation region or the high-load
operation region, the turbo-side exhaust valve EX2 opens
carlier, and the bypass-side exhaust valve EX1 opens during
the latter half of the exhaust gas stroke during which the
in-cylinder temperature has sufficiently declined. Therefore,
while the exhaust gas passing through the turbo-side exhaust
valve EX2 has relatively high temperature, the exhaust gas
passing through the bypass-side exhaust valve EX1 1s rela-
tively low intemperature, and small 1n amount. As a result, the
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temperature of the bypass-side exhaust valve EX1 1s consid-
erably lower than the temperature of the turbo-side exhaust
valve EX2, so that the ambient temperature of the bypass-side
exhaust valve EX1 also becomes considerably lower than the
ambient temperature of the turbo-side exhaust valve EX2.
Hence, the required voltage of the 1ignition plug 30 disposed in
the vicinity of the bypass-side exhaust valve EX1 can be
reduced. Theretore, the service life of the 1ignition plug 30 can
be extended. Besides, instead of expensive 1gnition plugs that
withstand high voltage, inexpensive low-voltage ignition
plugs can be employed in order to contribute to cost reduc-
tion.

As for the direct-injection injector 32, a distal end (an
injection hole) thereof 1s disposed at a position that 1s remote
from the bypass-side exhaust valve EX1 and near to the
turbo-side exhaust valve EX2. Due to this arrangement, fuel
1s 1njected to a high-temperature location near the turbo-side
exhaust valve EX2, so that the latent heat of vaporization of
tuel will lower the ambient temperature of the turbo-side
exhaust valve EX2. Therefore, occurrence of abnormal com-
bustion, such as a pre-1gnition resulting from the existence of
a high-temperature site, or the like, can be reliably prevented.
Besides, because fuel 1s injected to a high-temperature loca-
tion, the atomization of fuel can be promoted, so that good
combustion can be carried out.

FIG. 6 1s a diagram schematically showing a cylinder head
34 of the internal combustion engine 10. As described above,
in the internal combustion engine 10 of the embodiment, the
valves of the cylinders are arranged so that the positions of the
turbo-side exhaust valve EX2 of the bypass-side exhaust
valve EX1 of adjacent cylinders are reverse from each other.
Therefore, the bypass-side exhaust valve EX1 of the center
cylinder and the bypass-side exhaust valve EX1 of the left-
side cylinder are positioned adjacent to each other. Besides,
an exhaust port 36 communicating with the bypass-side
exhaust valve EX1 of the center cylinder and an exhaust port
38 communicating with the bypass-side exhaust valve EX1 of
the left-side cylinder are formed so as to join within the
cylinder head 34. Due to this construction 1n the embodiment,
the length and surface area of the channel of the exhaust gas
discharged via the bypass-side exhaust valve EX1 of each
cylinder can be lessened. Hence, at the time of engine startup
or low engine load, the amount of heat removed from the
exhaust gas flowing from the bypass-side exhaust passage-
way 14 to the exhaust purification catalyst 18 can be made as
small as possible, so that exhaust gas of as high temperature as
possible can be caused to flow to the exhaust purification
catalyst 18. Therefore, the quick warm-up and temperature
maintenance oi the exhaust purification catalyst 18 and can be
achieved, so that the emission performance can be further
improved.

Furthermore, 1n this embodiment, the turbo-side exhaust
valves EX2 of the center and right-side cylinders in FI1G. 6 are
positioned adjacent to each other. An exhaust port 40 com-
municating with the turbo-side exhaust valve EX2 of the
center cylinder and an exhaust port 42 communicating with
the turbo-side exhaust valve EX2 of the nght-side cylinder are
formed so as to join within the cylinder head 34. Hence, the
length and surface area of the channel of the exhaust gas
discharged via the turbo-side exhaust valve EX2 of each
cylinder can be lessened, so that the temperature (energy) of
the exhaust gas that flows 1nto the exhaust turbine 12a can be
heightened. Theretfore, the rotation speed of the turbo-super-
charger 12 can be promptly raised.

While the control device for an internal combustion engine
of the mvention has been described with reference to the
embodiment shown in the drawings, the invention 1s not lim-
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ited to the foregoing embodiment. For example, although 1n
the above-described embodiment, the open valve duration of
the bypass-side exhaust valve EX1 1s fixed, the internal com-
bustion engine 10 may also be provided with a variable valve
mechanism that changes the open valve duration of the
bypass-side exhaust valve EX1. Besides, a bypass control
valve may also be provided 1in an intermediate portion of the
bypass-side exhaust passageway 16.

In addition, in Embodiment 1 described above, the ECU 50
functions as a “stop mechanism control portion” 1n the mven-
tion by stopping the turbo-side exhaust valve EX2 1n the
closed state via the turbo-side exhaust valve stop mechanism
20 and stopping the first intake valve IN1 1n the closed state
via the first intake valve stop mechanism 22 at the time of
engine startup or low engine load.

The mvention claimed 1s:

1. An internal combustion engine control device compris-
ng:

an 1nternal combustion engine 1 which a first cylinder
includes a turbo-side exhaust valve that opens and closes
an exhaust port that communicates with a turbo-side
exhaust passageway that leads to a turbine 1nlet opening
of a turbo-supercharger, a bypass-side exhaust valve that
opens or closes an exhaust port that communicates with
a bypass-side exhaust passageway that bypasses a tur-
bine, a first intake valve disposed opposite to the turbo-
side exhaust valve, and a second 1ntake valve disposed
opposite to the bypass-side exhaust valve;

a turbo-side exhaust valve stop mechanism that stops the
turbo-side exhaust valve 1n a closed state while allowing
the bypass-side exhaust valve to be 1n operation;

a first intake valve stop mechanism that stops the first
intake valve 1n a closed state while allowing the second
intake valve to be 1n operation; and

a stop mechanism control portion that stops the turbo-side
exhaust valve and the first intake valve 1n the closed state
at a time of startup of the internal combustion engine
and/or a time of low load of the internal combustion
engine,

wherein at a time of intermediate load of the internal com-
bustion engine and/or a time of high load of the internal
combustion engine, an open valve duration of the turbo-
side exhaust valve 1s made longer than an open valve
duration of the bypass-side exhaust valve, and an open
valve duration of the first intake valve 1s made longer
than an open valve duration of the second intake valve.

2. The mternal combustion engine control device accord-
ing to claim 1, wherein

a rotation direction of a swirl formed 1n the first cylinder at
the time of startup of the internal combustion engine
and/or the time of low load of the internal combustion
engine 1s opposite to the rotation direction of the swirl

formed 1n the first cylinder at the time of intermediate
load of the internal combustion engine and/or the time of
high load of the internal combustion engine.

3. The internal combustion engine control device accord-
ing to claim 1, wherein

at the time of intermediate load of the internal combustion
engine and/or the time of high load of the internal com-
bustion engine, the bypass-side exhaust valve 1s opened
later than the turbo-side exhaust valve, and the bypass-
side exhaust valve 1s closed later than the turbo-side
exhaust valve.

4. The mternal combustion engine control device accord-

ing to claim 1, wherein

the internal combustion engine has two 1gnition plugs for
the first cylinder, and
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one 1gnition plug of the two 1gnition plugs 1s disposed near
a center of the first cylinder, another 1gnition plug of the
two 1gnition plugs 1s disposed at a position that 1s nearer
to the bypass-side exhaust valve than to the turbo-side
exhaust valve.

5. The internal combustion engine control device accord-
ing to claim 1, wherein

the internal combustion engine includes a direct-injection

injector that mjects fuel directly into the first cylinder,
and a distal end of the direct-injection 1njector 1s dis-
posed at a position that 1s nearer to the turbo-side exhaust
valve than to the bypass-side exhaust valve.

6. The mternal combustion engine control device accord-
ing to claim 5, wherein

the internal combustion engine has a third cylinder that 1s

located adjacent to the second cylinder;

positions of the turbo-side exhaust valves and the bypass-

side exhaust valves of the second cylinder and the third
cylinder are reverse between the second cylinder and the
third cylinder, and an exhaust port communicating with
the turbo-side exhaust valve of the second cylinder and
an exhaust port communicating with the turbo-side
exhaust valve of the third cylinder join within the cylin-
der head.

7. The mternal combustion engine control device accord-
ing to claim 1, wherein

the internal combustion engine has a second cylinder that 1s

located adjacent to the first cylinder;
positions of the turbo-side exhaust valves and the bypass-
side exhaust valves of the first cylinder and the second
cylinder are reverse between the first cylinder and the
second cylinder, and an exhaust port communicating,
with the bypass-side exhaust valve of the first cylinder
and an exhaust port communicating with the bypass-side
exhaust valve of the second cylinder join within a cyl-
inder head.
8. The internal combustion engine control device accord-
ing to claim 1, further comprising;:
a second 1ntake valve change mechanism that changes the
open valve duration of the second intake valve;

wherein at the time of intermediate load of the internal
combustion engine and/or the time of high load of the
internal combustion engine, the open valve duration of
the second 1ntake valve 1s set shorter than the open valve
duration of the first intake valve, and

wherein the second intake valve change mechanism

changes the open valve duration of the second intake
valve to be longer as load of the internal combustion
engine increases.

9. A control method for an internal combustion engine 1n
which a cylinder includes a turbo-side exhaust valve that
opens and closes an exhaust port that communicates with a
turbo-side exhaust passageway that leads to a turbine inlet
opening of a turbo-supercharger, a bypass-side exhaust valve
that opens and closes an exhaust port that communicates with
a bypass-side exhaust passageway that bypasses a turbine, a
first intake valve disposed opposite to the turbo-side exhaust
valve, and a second intake valve disposed opposite to the
bypass-side exhaust valve, comprising:

stopping the turbo-side exhaust valve 1 a closed state

while allowing the bypass-side exhaust valve to be 1n
operation, and also stopping the first intake valve 1n the
closed state while allowing the second intake valve to be
1in operation, at a time of startup of the internal combus-
tion engine and/or a time of low load of the internal
combustion engine; and
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opening the turbo-side exhaust valve for a longer duration
than the bypass-side exhaust valve and opening the first
intake valve for a longer duration than the second intake
valve, at a time of intermediate load of the internal
combustion engine and/or a time of high load of the
internal combustion engine.

10. The control method according to claim 8, wherein

a rotation direction of a swirl formed 1n the cylinder at the
time of startup of the internal combustion engine and/or

the time of low load of the internal combustion engine 1s
opposite to the rotation direction of the swirl formed 1n

12

the cylinder at the time of intermediate load of the inter-
nal combustion engine and/or the time of high load of the
internal combustion engine.

11. The control method according to claim 8, further com-

5 prising:

opening the bypass-side exhaust valve later than the turbo-
side exhaust valve, and closing the bypass-side exhaust
valve later than the turbo-side exhaust valve.
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